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(54) METHOD FOR PRODUCING SOI SUBSTRATE

(57) Provided is a method of easily producing a SOI
substrate that is a transparent insulating substrate on
one of the major surfaces of which a silicon thin film is
formed while the major surface opposite to the surface
on which the silicon thin film is formed is roughened. The
method produces a SOI substrate that includes at least
the transparent insulating substrate, and the silicon thin
film formed on a first major surface which is one of the
major surfaces of the transparent insulating substrate
with a second major surface, the major surface opposite
to the first major surface of the transparent insulating
substrate, roughened. The method for producing the SOI
substrate includes at least a process of preparing the
transparent insulating substrate the surface roughness
of the first major surface of which is less than 0.7 nm in
RMS while the surface roughness of the second major
surface is larger in RMS than the surface roughness of
the first major surface, and a process of forming the sil-
icon thin film on the first major surface of the transparent
insulating substrate.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing an SOI substrate, and particularly relates
to a method for manufacturing an SOI substrate in which
a silicon film is formed on one main surface of a trans-
parent insulating substrate.

BACKGROUND ART

[0002] In order to achieve higher performance of sem-
iconductor devices, attention has been focused on SOI
(silicon on insulator) substrates in recent years. Addition-
ally, some types of SOI substrates such as a silicon on
quartz (SOQ) substrate and a silicon on glass (SOG)
substrate which have support substrates (handle wafers)
made of non-silicon materials are also expected to be
applied to TFT-LCDs, high-frequency (RF) devices, other
MEMS products, and so forth (for example, see
JP2006-324530A).
[0003] There has been proposed a method for manu-
facturing the aforementioned SOQ substrate or the like,
by using, for example, a silicon substrate for a donor wa-
fer and a quartz substrate for a handle wafer, and bonding
these different substrates together. Since the quartz sub-
strate is transparent in the above bonded substrate, the
bonded substrate may have different problems in proc-
ess and evaluation from the problems of normal SOI sub-
strates manufactured by bonding a silicon substrate to
another silicon substrate.
One of such problems is that, when being conveyed on
equipment, an SOI substrate including a silicon film
formed on a transparent insulating substrate such as an
SOQ substrate (hereinafter, sometimes abbreviated as
a transparent SOI substrate) is unlikely to be recognized
by an optical sensor for recognizing substrates, for ex-
ample.
[0004] Meanwhile, a sandblasting method is used for
applying a fogging treatment (frost treatment) to a sub-
strate, component and so forth based on SiO2 such as
glass, quartz in some cases. In this method, a to-be-treat-
ed surface is blasted with alumina or silica fine particles
to be roughened. The method is widely applied for diverse
applications.
[0005] However, in the fields of electronic materials
and devices, foggy surfaces formed by such a method
have several problems. One of them is a particle (foreign
matter) problem. This problem is caused by a sandblast
powder remaining on a treated surface; dust generated
from an acute portion, a crack and a damaged portion of
a roughened surface; and so forth. These problems can-
not be solved by normal cleaning in many cases. More-
over, a problem such as metal contamination attributable
to this foreign matter is also serious in the field of elec-
tronic materials.
[0006] This particle problem can be critical particularly

when a product treated by this fogging treatment is used
in the field of semiconductor. For example, a quartz boat
or the like for a wafer to be used in a diffusion furnace or
the like is sometimes subjected to a fogging treatment to
prevent the wafer from closely adhering to a groove for
holding the wafer. In this case, since the quartz boat or
the like undergoes a high-temperature process, certain
measurement needs to be taken against metal contam-
ination in addition to particles. Additionally, there is a
problem that particles on transparent substrates such as
those of SOQ (Silicon on Quartz) and SOG (Silicon on
Glass) significantly increase in amount when back sur-
faces of the transparent substrates are subjected to the
fogging treatment for making the transparent substrates
recognizable by substrate-recognition sensors of various
apparatuses.
[0007] To remove the particles after such a sandblast-
ing process, a cleaning step is performed. In this cleaning
step, HF cleaning has been employed, for example. The
HF cleaning, however, has a problem of making the par-
ticle level rather worse. This is because the HF cleaning
activates the surface of a glass or the like; moreover, fine
pieces of the glass or the like released during the cleaning
reattach to the surface (for example, see Science of Sil-
icon, Chapter 4, Section 4, Realize Science & Engineer-
ing Center Co., Ltd.). Furthermore, if the cleaning is per-
formed for a long period with high concentration HF to
remove the particles, the surface subjected to the fogging
treatment is made excessively smooth, thereby decreas-
ing the effect of roughing the surface.

Patent Document 1: JP2006-324530A
Non-Patent Document 1: Science of Silicon, Chapter
4, Section 4, Realize Science & Engineering Center
Co., Ltd.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0008] The present invention has been made in view
of problems as described above. An object of the present
invention is to provide a method for easily manufacturing
an SOI substrate which comprises a transparent insulat-
ing substrate and a silicon film formed on a main surface
of the substrate, while the other main surface thereof
(opposite to the main surface having the silicon film
formed thereon) is roughened.

MEANS FOR SOLVING THE PROBLEM

[0009] The present invention has been made to ad-
dress the above problems. The present invention pro-
vides a method for manufacturing an SOI substrate, the
SOI substrate comprising at least a transparent insulating
substrate and a silicon film, wherein the silicon film is
formed on a first main surface of the transparent insulat-
ing substrate, while a second main surface of the trans-
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parent insulating substrate, opposite to the first main sur-
face, is roughened. The method comprises at least the
steps of: roughening the first main surface with an RMS
surface roughness lower than 0.7 nm and the second
main surface with an RMS surface roughness higher than
the surface roughness of the first main surface to prepare
the transparent insulating substrate; and forming the sil-
icon film on the first main surface of the transparent in-
sulating substrate.
[0010] As described above, the method for manufac-
turing an SOI substrate comprising the steps of rough-
ening and forming makes it possible to easily manufac-
ture an SOI substrate comprising a transparent insulating
substrate and a silicon film formed thereon and having a
back surface (a main surface where the silicon film is not
formed) roughened.
Moreover, according to the above SOI substrate, the
back surface of the transparent insulating substrate has
a high surface roughness, and scatters a signal from a
recognition unit containing an optical sensor, thereby
successfully preventing a problem that a substrate is not
recognized with the recognition unit. Additionally, this
helps to prevent slippage of the substrate during the con-
veyance, and the like.

EFFECTS OF THE INVENTION

[0011] According to a method for manufacturing an
SOI substrate of the present invention, it is possible to
easily manufacture an SOI substrate (transparent SOI
substrate) comprising a transparent insulating substrate
and a silicon film formed thereon and having a back sur-
face (a main surface where the silicon filin is not formed)
roughened.
Moreover, according to the above SOI substrate, the
back surface of the transparent insulating substrate has
a high surface roughness, and scatters a signal from a
recognition unit containing an optical sensor, thereby al-
lowing the recognition unit to recognize the substrate.
Additionally, this helps to prevent slippage of the sub-
strate during the conveyance, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

[Fig. 1] Fig. 1 is a flowchart showing one example of
a method for manufacturing an SOI substrate ac-
cording to the present invention.
[Fig. 2] Fig. 2 is a flowchart showing one example of
a specific mode of the method for manufacturing an
SOI substrate according to the present invention.
[Fig. 3] Fig. 3 is a flowchart showing one example of
a cleaning step for a surface of a glass substrate
subjected to a sandblasting process.
[Fig. 4] Fig. 4 is a schematic view of a state where a
wafer is disposed in a cleaning cassette when clean-
ing is performed to estimate the number of foreign

matter adhered to the wafer.
[Fig. 5] Fig. 5 shows a result of measuring the number
of particles.
[Fig. 6] Fig. 6 shows a result of measuring the number
of particles.

MODES FOR CARRYING OUT THE INVENTION

[0013] Hereinafter, the present invention will be de-
scribed in more details.
As described above, conventionally, an SOI substrate
comprising a transparent insulating substrate and a sili-
con film formed thereon, such as an SOQ substrate, has
one of the problems that the SOQ substrate has difficulty
in being recognized by an optical sensor for recognizing
substrates while the SOQ substrate is conveyed on
equipment, for example. Furthermore, there is another
problem that the amount of particles significantly increas-
es when a sandblasting process is performed on a glass,
and then rather increases even though subsequent
cleaning is performed.
The present inventors have discovered the following
facts against these problems. Specifically, prepared in
advance is a transparent insulating substrate having
main surfaces with different surface roughnesses. A sil-
icon film is formed on one of the main surfaces, a smooth
main surface, of this transparent insulating substrate.
This enables to manufacture, easily without complicated
steps, an SOI substrate comprising a transparent insu-
lating substrate and a silicon film formed thereon and
having a rough back surface (a main surface opposite to
the main surface where the silicon film is formed). Such
an SOI substrate is capable of preventing a recognition
unit from failing to recognize the substrate. Furthermore,
the inventors have discovered that cleaning can be per-
formed effectively in the following manner. Specifically,
first, HF cleaning is performed on a sandblasted surface
of a glass substrate to etch the source of particles. Then,
alkali cleaning is performed in order that foreign matter
released and adhered to the glass substrate in the course
of the HF cleaning can be removed and prevented from
re-adhering. Accordingly, effective cleaning is carried
out. Thus, the inventors have completed the present in-
vention.
[0014] Hereinbelow, embodiments of the present in-
vention will be described with reference to the drawings.
However, the present invention is not limited thereto.
Fig. 1 is a flowchart showing one example of a method
for manufacturing an SOI substrate of the present inven-
tion.
The entire flow will be described. A transparent insulating
substrate is prepared which has one main surface with
a surface roughness higher than that of the other main
surface (step a). A silicon film is formed on the smoother
one of the main surfaces of the transparent insulating
substrate (step b). Thus, an SOI substrate is manufac-
tured which has the rough back surface and comprises
the silicon film formed on the transparent insulating sub-
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strate.
[0015] Specifically, in step a, a transparent insulating
substrate 10 is prepared as shown in Fig. 1(a). Note that,
among main surfaces of the transparent insulating sub-
strate 10, a main surface on which a silicon film is formed
in step b is called a "first main surface" in this description
for convenience, while a main surface to the first main
surface is called a "second main surface." The transpar-
ent insulating substrate 10 has a first main surface 11
with an RMS surface roughness lower than 0.7 nm, and
has a second main surface 12 with an RMS surface
roughness higher than the surface roughness of the first
main surface. The reason why the two main surfaces
have such surface roughnesses will be described later.
The RMS is the square root of the average of the squares
of deviations from an average line to a measured curved
line.
Incidentally, the kind of the transparent insulting sub-
strate usable in the present invention is not particularly
limited. For example, any of a quartz substrate, a glass
substrate, and a sapphire substrate can be used, and
can be appropriately selected depending on the purpose
or the like of a semiconductor device to be fabricated
after the selected substrate is formed into an SOI sub-
strate.
[0016] In this case, the step of roughening preferably
comprises at least: performing double-sided lapping and
etching on the first main surface and the second main
surface; and then performing single-sided polishing on
only the first main surface.
If the transparent insulating substrate is prepared in the
above described manner by at least performing the dou-
ble-sided lapping and the etching and then performing
the single-sided polishing, there are following advantag-
es. Specifically, a damaged layer after the lapping can
be removed, and generation of particles from the rough-
ened back surface can be effectively suppressed. More-
over, since only one surface needs to be polished, the
cost reduction is achieved in comparison with a case
where one surface is roughened after double-sided pol-
ishing.
[0017] In this case, it is preferable to comprise anneal-
ing the transparent insulating substrate after the double-
sided lapping and the etching but before the single-sided
polishing.
The annealing performed after the double-sided lapping
and the etching as described above can effectively pre-
vent the change in the wafer shape during the subse-
quent single-sided polishing.
[0018] Next, in step b, a silicon film 31 is formed on
the first main surface 11 of the transparent insulating sub-
strate 10 as shown in Fig. 1(b). Thus, an SOI substrate
30 is formed.
[0019]  In the method for manufacturing an SOI sub-
strate of the present invention, the step of forming a sil-
icon film can comprise at least: implanting hydrogen ions
and/or rare gas ions from a surface of a silicon substrate
or a surface of a silicon substrate having an oxide film

formed thereon to form an ion-implanted layer; tightly
bonding the ion-implanted surface of the silicon substrate
or the ion-implanted surface of the silicon substrate hav-
ing the oxide film formed thereon onto the first main sur-
face of the transparent insulating substrate; and peeling
the bonded silicon substrate or the bonded silicon sub-
strate having the oxide film thereon along the ion implant-
ed layer as a boundary to form the silicon film on the first
main surface of the transparent insulating substrate.
Forming the silicon film by the peeling using the ion im-
planted layer as a boundary after the ion implantation in
the above-described manner enables forming a highly-
crystalline silicon film thinly.
[0020] Moreover, the transparent insulating substrate
is preferably a quartz substrate, a glass substrate, or a
sapphire substrate.
The transparent insulating substrate used in the method
for manufacturing an SOI substrate of the present inven-
tion can be appropriately selected among these depend-
ing on the purpose of a semiconductor device to be fab-
ricated.
[0021] In step a of roughening, the specific production
method for such a transparent insulating substrate 10 is
not particularly limited. Additionally, in step b, the forma-
tion method for the silicon film 31 on the first main surface
11 is not particularly limited, either. However, these can
be performed as follows, for example.
[0022]  Fig. 2 shows an example of a more specific
mode of the method for manufacturing a transparent in-
sulating substrate according to the present invention.
Note that Figs. 2(a-1) to (a-3) correspond to step a de-
scribed above, while Figs. 2(b-1) to (b-4) correspond to
step b described above.
[0023] First, as schematically shown in Fig. 2(a-1), a
transparent insulating substrate 10’ is prepared which
has two main surfaces being rough surfaces (substep a-
1). For example, a quartz substrate cut out from a quartz
ingot in the form of slice can be used. In this state, both
of the main surfaces of the transparent insulating sub-
strate 10’ are rough surfaces that are relatively unadjust-
ed.
[0024] Next, as schematically shown in Fig. 2(a-2),
double-sided lapping is performed in which the two main
surfaces of the transparent insulating substrate 10’ are
lapped (substep a-2). Note that, in this case, etching with
hydrofluoric acid or the like is preferably performed so
as to remove a damaged layer after the lapping.
Here, the double-sided lapping is preferably performed
in such a mode that the two surfaces are treated simul-
taneously because it is easy to perform. However, the
treatment may be performed on one surface at a time.
The two main surfaces of a transparent insulating sub-
strate 10" subjected to the double-sided lapping and the
etching as described above are rough surfaces having
surface roughnesses relatively adjusted.
[0025] Next, as schematically shown in Fig. 2(a-3), pol-
ishing is performed only on one surface of the transparent
insulating substrate 10" subjected to the double-sided
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lapping and the etching (substep a-3). The polished main
surface serves as the first main surface (i.e., the surface
where a silicon film is to be formed later) 11, while the
un-polished main surface serves as the second main sur-
face 12.
[0026] In this manner, through substeps a-1 to a-3, the
transparent insulating substrate 10 can be manufactured
which has the first main surface 11 with an RMS surface
roughness lower than 0.7 nm, and which has the second
main surface 12 with an RMS surface roughness higher
than the surface roughness of the first main surface.
[0027] Incidentally, after the double-sided lapping and
the etching (substep a-2), the transparent insulating sub-
strate 10 may be annealed. It is preferable to perform the
annealing after the double-sided lapping and the etching
as described above because the annealing can effec-
tively prevents the change in the wafer shape due to the
subsequent single-sided polishing (substep a-3).
[0028] Meanwhile, the example has been shown here-
in that the transparent insulating substrate having the two
rough main surfaces is prepared in substep a-1. Howev-
er, it is only necessary in step a to prepare a transparent
insulating substrate which finally has the first main sur-
face with an RMS surface roughness lower than 0.7 nm
and the second main surface with an RMS surface rough-
ness higher than the surface roughness of the first main
surface. The transparent insulating substrate prepared
in substep a-1 does not necessarily have the two rough
surfaces. For example, when a transparent insulating
substrate having two main surfaces mirror-palished is
prepared, and subsequently subjected to double-sided
lapping and etching (substep a-2), annealing, and single-
sided polishing. (substep a-3), the transparent insulating
substrate 10 satisfying the above-described surface
roughnesses can be manufactured.
[0029] Next, in step b, the silicon film can be formed
specifically as follows, for example.
First, as shown in Fig. 2(b-1), a silicon substrate 20 is
prepared (substep b-1). Alternatively, a silicon substrate
having an oxide film formed on a surface thereof may be
optionally used. To achieve an excellent bonding state,
a surface to be bonded (bonding surface) needs to have
fastness at a certain level or higher. For this reason, at
least the surface to be bonded is subjected to mirror-
polishing or the like. This flatness is desirably lower than
0.7 nm in the RMS value, for example.
[0030] Next, as shown in Fig. 2(b-2), hydrogen ions
are implanted from the surface (ion-implanted surface
22) into the silicon substrate 20 to form an ion implanted
layer 21 (substep b-2).
It is not limited to the hydrogen ions that are implanted
for the formation of this ion implanted layer 21. Instead,
rare gas ions or both hydrogen ions and rare gas ions
may be implanted. The implantation energy, implantation
dose, implantation temperature, and other ion implanta-
tion conditions should be appropriately selected so that
a film having a predetermined thickness can be obtained.
As the specific examples, the temperature of the sub-

strate during the implantation may be set to 250 to 400°C,
the ion implantation depth may be set to 0.5 Pm, the
implantation energy may be set to 20 to 100 keV, and
the implantation dose may be set to 1�1016 to
1�1017/cm2. However, the ion implantation conditions
are not limited thereto.
Incidentally, a single crystal silicon substrate having an
oxide film formed on a surface or surfaces thereof can
be optionally used. Using such a silicon substrate having
the oxide film formed on the surface and implanting ions
through the oxide film achieve an effect of suppressing
channeling of the implanted ions. This can further sup-
press the variation in the ion implantation depth. Conse-
quently, a film having a relatively uniform thickness can
be formed.
[0031] Next, as shown in Fig. 2(b-3), the ion-implanted
surface 22 of the silicon substrate 20 is bonded onto the
first main surface 11 of the transparent insulating sub-
strate 10 (substep b-3).
In bonding the silicon substrate 20 onto the transparent
insulating substrate 10, the first main surface 11 and the
ion-implanted surface 22 are the sufficiently flat surfaces
as mentioned above. Accordingly, the two substrates, for
example, a synthetic quartz substrate and a silicon sub-
strate, can be bonded by only bonding at room temper-
ature and being pressurized.
For stronger bonding, however, the bonding is preferably
performed as follows.
[0032] Specifically, a surface activation treatment is
desirably performed in advance on both the ion-implant-
ed surface 22 of the silicon substrate 20 and the first main
surface 11 of the transparent insulating substrate 10. The
surface activation treatment may be performed only on
either the ion-implanted surface 22 of the silicon sub-
strate 20 or the first main surface 1 of the transparent
insulating substrate 10.
In this event, the surface activation treatment may be a
plasma treatment. When the plasma treatment is per-
formed as the surface activation treatment as described
above, the treated surface of a substrate is activated, for
example, in such a way that the number of OH groups
on the surface is increased. Accordingly, when the ion-
implanted surface 22 of the silicon substrate 20 is bonded
onto the first main surface 11 of the transparent insulating
substrate 10 in this state, the substrates can be tightly
bonded together with a hydrogen bond and so forth. Al-
ternatively, an ozone treatment or the like can be per-
formed as the surface activation treatment, or several
types of treatments may be performed in combination.
[0033] The treatment with plasma may be performed
as follows. Specifically, a substrate cleaned by RCA
cleaning or the like is placed in a vacuum chamber. After
a plasma gas is introduced therein, the substrate is ex-
posed to a high-frequency plasma of preferably approx-
imately 100 W for approximately 5 to 30 seconds so as
to have its surface subjected to the plasma treatment.
Examples of the plasma gas usable include: the plasma
of an oxygen gas for treating a single crystal silicon sub-
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strate having an oxide film formed on a surface thereof;
and a hydrogen gas, an argon gas, a gas mixture of a
hydrogen gas and an argon gas, or a gas mixture of a
hydrogen gas and a helium gas for treating a single crys-
tal silicon substrate having no oxide film formed on a
surface thereof. Alternatively, a nitrogen gas that is an
inert gas may be used.
[0034] The treatment with ozone may be performed as
follows. Specifically, a substrate cleaned by RCA clean-
ing or the like is placed in a chamber in which an air has
been introduced. After a plasma gas such as a nitrogen
gas or an argon gas is introduced therein, a high-frequen-
cy plasma is generated to convert oxygen in the air into
ozone. Thus, the surface of the substrate is subjected to
the ozone treatment.
[0035] The substrates can be tightly bonded together
without a high temperature treatment, as far as the sub-
strates are bonded together, for example, under a re-
duced pressure or a normal pressure at room tempera-
ture while the surface subjected to the surface activation
treatment as described above is used as a bonding sur-
face.
[0036] Here, after the silicon substrate is bonded onto
the transparent insulating substrate, a heat treatment
step of heating the bonded substrates at preferably 100
to 300°C may be performed.
When the silicon substrate is bonded onto the transpar-
ent insulating substrate and then the heat treatment at
preferably 100 to 300°C is performed on the bonded sub-
strates as described above, the bonding strength be-
tween the silicon substrate and the transparent insulating
substrate can be increased. Moreover, the heat treat-
ment at the above described temperature is less likely to
cause thermal strain, crack, detachment, and the like due
to a difference in thermal expansion coefficient attributed
to the use of different kinds of materials. The increase in
the bonding strength can make defects less likely to occur
in a peeling step.
[0037] Next, the peeling step is performed in which the
silicon substrate 20 is separated at the ion implanted lay-
er 21 so as to transform the silicon substrate 20 into film.
Thus, as shown in Fig. 2(b-4), a silicon film 31 is formed
(step b-4).
The separation of this silicon substrate (peeling, trans-
formation into film) can be performed, for example,
through application of a mechanical external force there-
to. The mechanical external force is not particularly lim-
ited. Examples thereof include a gas or liquid blow or a
physical impact to a side surface of the ion implanted
layer.
[0038] Through the steps as described above, an SOI
substrate 30 comprising the film 31 on the first main sur-
face 11 of the transparent insulating substrate 10 can be
manufactured.
Incidentally, it is needless to say that a series of substeps
a-1 to a-3 and a series of substeps b-1 to b-2 described
above are treatments on respective substrates, and thus
these series of substeps may be performed in reversed

order, or may be performed concurrently.
[0039] The reasons why the first main surface 11 of
the transparent insulating substrate 10 is made to have
an RMS surface roughness lower than 0.7 nm in step a
in the present invention are as follows. One reason is
that if the surface roughness is higher than the value (i.e.,
lower in flatness), the first main surface 11 does not easily
allow the silicon film to be bonded thereto by means of
bonding or the like. Another reason is that even if the
silicon film is formed thereon, voids or the like that are a
non-bonded portions occur, thereby making it difficult for
the silicon film to favorably retain its crystallinity.
The lower limit value of the RMS surface roughness of
the first main surface 11 is not particularly limited, and
the higher flatness is more preferable. The improvement
of the flatness, however, involves a cost problem, and
thus the RMS surface roughness may be practically set
to approximately 0.1 nm or higher.
[0040] On the other hand, when the second main sur-
face 12 of the transparent insulating substrate 10 has the
RMS surface roughness higher than the surface rough-
ness of the first main surface as described above, the
recognition unit recognizes the substrate more easily.
Although depending on the performance of the recogni-
tion unit and other conditions, the RMS value is prefera-
bly, for Example, 0.7 nm or higher because such an RMS
value makes the recognition easy.
Note that the upper limit of the RMS surface roughness
of the second main surface 12 is not particularly limited.
In view of the point that the recognition unit recognizes
the substrate more easily, the higher the value is more
preferable. However, in consideration of preventing the
generation of particles, it is preferable that the surface
roughness should not be higher than necessary. The up-
per limit of the RMS value may be approximately 50 nm,
for example.
[0041] Meanwhile, when the transparent insulating
substrate is a glass substrate, the step of roughening can
comprise at least sandblasting the first and the second
main surfaces of the glass substrate, and cleaning the
sandblasted surfaces of the glass substrate, the cleaning
comprising at least alkali cleaning after HF cleaning on
the sandblasted surfaces.
In this manner, first, HF cleaning is performed on the
sandblasted surfaces of the glass substrate. By the etch-
ing effect of the HF solution on the glass substrate, a
portion which can be a particle source characteristic of
the sandblasting process such as an acute portion, a
crack and a damaged portion of the sandblasted glass
surfaces can be removed. After the etching, foreign mat-
ter released and re-adhered to the surfaces during the
HF cleaning can be removed by the alkali cleaning. Thus,
the glass substrate is obtainable which has an extremely
small number of particles even after sandblasting. More-
over, since the alkali cleaning is performed using an alkali
solution for this removal of the foreign matter, the foreign
matter once removed hardly re-adheres in the alkali so-
lution, thereby achieving effective cleaning.
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[0042] In this case, the glass substrate may be a quartz
glass substrate.
Even in a case of such an insulator to which foreign matter
is especially likely to adhere, foreign matter released dur-
ing the HF cleaning after sandblasting can be removed
and prevented from re-adhering, thereby achieving ef-
fective cleaning.
[0043] Moreover, the glass substrate may be in a wafer
form.
According to this cleaning method, a glass wafer espe-
cially having a particle problem can be made into a wafer
without particles.
[0044] In this case, the wafer may have a single crystal
silicon layer stacked thereon.
Even in a case of a wafer having a single crystal silicon
layer stacked on the glass wafer, even when foreign mat-
ter released from the sandblasted surfaces adheres to
the single crystal silicon layer during the HF cleaning,
this cleaning method allows the foreign matter to be re-
moved by the subsequent alkali cleaning. Thus, occur-
rence of particles from the single crystal silicon layer can
be prevented.
[0045] In the above case, the HF cleaning can be per-
formed while the single crystal silicon layer on the wafer
is protected with a protection tape or an organic protec-
tion film.
Protecting the single crystal silicon layer during the HF
cleaning in this manner has the following advantages.
Specifically, the single crystal silicon layer is etched with
the HF solution to a lesser extent. Moreover, foreign mat-
ter released from the sandblasted surfaces can be pre-
vented from adhering to the single crystal silicon layer
during the HE cleaning. Thus, the wafer is obtainable
which has the single crystal silicon layer with a smaller
number of particles.
[0046] Meanwhile, the alkali solution used in the alkali
cleaning may be any one of NH4OH, NaOH, KOH, and
CsOH, or any one of these with H2O7 added.
The alkali solution used in the alkali cleaning can be ap-
propriately selected among these. With the further addi-
tion of H2O2, such an alkali solution acquires the oxidizing
power, and can remove foreign matter more effectively.
[0047] Furthermore, the alkali solution used in the al-
kali cleaning is preferably an SC1 solution, containing at
least, in a volume composition ratio, 0.5 to 2 of a 29% by
weight aqueous NH4OH solution, 0.01 to 0.5 of a 30%
by weight aqueous H2O2 solution, and 10 of H2O.
The use of the SC1 solution having such a concentration
composition for the alkali cleaning allows efficient remov-
al of foreign matter adhered to the glass substrate and
prevention of the foreign matter from re-adhering to the
glass substrate. Moreover, making the concentration ra-
tio of H2O2 lower than that in the normal SC1 solution as
described above makes it possible to keep the etching
effect of the alkali appropriate.
[0048] Furthermore, the alkali solution used in the al-
kali cleaning may be an alkaline organic solvent.
Such an alkaline organic solvent can be also used in the

alkali cleaning.
[0049] Meanwhile, the HF cleaning step preferably
comprises etching the sandblasted surfaces of the glass
substrate by 20 nm or more.
Etching the sandblasted surfaces of the glass substrate
by 20 nm or more in this manner can let portions of the
sandblasted surfaces which can be the source of parti-
cles and include an acute portion, a crack and a damaged
portion, be etched to such an extent that no dust occurs
in a later step.
[0050]  Fig. 3 is a flowchart showing one of embodi-
ments from the sandblasting to the cleaning on the glass
substrate.
[0051] As shown in Fig. 3, first, the sandblasting is per-
formed on the glass substrate.
The method of this sandblasting is not particularly limited.
For example, a surface to be processed can be rough-
ened by applying particles of alumina, quartz, or the like
to the surface, using the same apparatus as the conven-
tional one.
[0052] Types of glass substrates to which this cleaning
method is applicable include a SiO2-based substrate or
the like. For example, the method is applicable to a quartz
glass substrate. Even in a case of such an insulator that
is likely to be charged, this cleaning method can prevent
the particles from re-adhering during the cleaning after
the sandblasting process. Thus, favorable cleaning can
be carried out.
Alternatively, the glass substrate may be in a wafer form,
or may be a quartz boat which can be used during a heat
treatment on a semiconductor wafer, for example.
[0053] Furthermore, the method is also applicable to
even a wafer having a single crystal silicon layer stacked
thereon. Even in a case of such a wafer having a single
crystal silicon layer stacked thereon, alkali cleaning in
this cleaning method can remove foreign matter released
from the processed surfaces and adhered to the single
crystal silicon layer during the HF cleaning and can pre-
vent the foreign matter from re-adhering. Thus, this meth-
od can effectively reduce the number of particles. More-
over, since the alkali cleaning is performed after the HF
cleaning, the particles can be removed without perform-
ing the HF cleaning for a long period, and the number of
foreign matter adhered to the single crystal silicon layer
during the HF cleaning can be kept small. Furthermore,
even in a case of a water, such as SOQ (Silicon on
Quartz), SOG (Silicon on Glass), or the like where the
particle problem especially occurs, this cleaning method
can produce a wafer having few particles.
[0054] Next, as shown in Fig. 3, HF cleaning is per-
formed on the sandblasted surfaces of the glass sub-
strate. Any one containing hydrofluoric acid can be used
as hydrofluoric acid for this HF cleaning. For example, a
hydrofluoric acid solution, an aqueous buffered hy-
drofluoric acid solution, and the like can be used. More-
over, the cleaning method is not particularly limited. The
sandblasted glass substrate may be, for example, im-
mersed, or the sandblasted surfaces may be cleaned
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through spin coating.
By firstly performing HF cleaning on the sandblasted sur-
faces of the glass substrate, an uneven portion such as
a crack which can be a particle source and which is
formed as a result of the sandblasting can be removed
by etching. In this event, the sandblasted surfaces of the
glass substrate are preferably etched by 20 nm or more
by the HF cleaning. Consequently, the particle source
can be removed to such a degree that no dust occurs in
a later step.
[0055] Meanwhile, when the glass substrate to be
cleaned by this cleaning method is the wafer having a
single crystal silicon stacked thereon, it is preferable to
perform this HF cleaning while the single crystal silicon
layer is protected with a protection tape or an organic
protection film. This protection may be formed before the
HF cleaning, or before the sandblasting. Forming the pro-
tection before the sandblasting can efficiently prevent oc-
currence of particles from the single crystal silicon layer.
As the organic protection film, for example, an organic
film such as a photoresist film can be formed. Addition-
ally, the protection tape can be pasted on the organic film
or can be pasted directly on the single crystal silicon layer.
When the protection film is removed before the alkali
cleaning where few foreign matter adheres, the particles
can be removed from the single crystal silicon layer by
the alkali cleaning. Alternatively, the protection film can
be removed after the alkali cleaning.
[0056] Next, as shown in Fig. 3, the alkali cleaning is
performed.
By performing the alkali cleaning after the HF cleaning,
foreign matter etched, released and re-adhered during
the HF cleaning is removed by the alkali cleaning. More-
over, the foreign matter is also prevented from re-adher-
ing in the alkali solution. Consequently, particles can be
efficiently removed.
[0057] As the alkali solution used in this cleaning, any
one of NH4OH, NaOH, KOH, and CsOH, any one of these
with H2O2 added; or an alkaline organic solvent such as
EDP (Ethylene diamine-pyrocatechol-water), TMAH (Te-
tramethyl ammonium hydroxide), or hydrazine can be
used.
Furthermore, as the alkali solution, an SC1 solution con-
taining, in a volume composition ratio, 0.5 to 2 of a 29%
by weight aqueous NH4OH solution, 0.01 to 0.5 of 30%
by weight aqueous H2O2 solution, and 10 of H2O is pref-
erably used. The SC1 solution with such a concentration
composition ratio has the enhanced cleaning effect of
the oxidizing power of H2O2, the concentration ratio of
H2O2 lower than that of a normal SC1 solution, and an
appropriate alkalinity. Accordingly, the etching effect can
be maintained, and furthermore foreign matter can also
be prevented from re-adhering during the cleaning.
[0058]  As described above, first, a particle source
characteristic of the sandblasted surfaces of the glass
substrate, such as a damaged portion, can be removed
by the HF cleaning. Then, by performing the alkali clean-
ing, foreign matter released and re-adhered during the

HF cleaning can be removed while being prevented from
further re-adhering. Consequently, effective cleaning can
be carried out. When this cleaning method is applied to
clean a substrate such as a glass substrate on which a
fogging treatment needs to be performed by a sandblast-
ing process intentionally, it is possible to produce a glass
product with few particles while keeping the effect of the
fogging treatment.

EXAMPLES

[0059] Hereinbelow, the present invention will be more
specifically described with Examples and Comparative
Examples of the present invention. However, the present
invention is not limited thereto.

(Example 1)

[0060] According to the method for manufacturing an
SO1 substrate by using a bonding method, as shown in
Fig. 2, thirty transparent SOI substrates were manufac-
tured as follows.
[0061] First, a synthetic quartz substrate 10’ having a
diameter of 150 mm was prepared by being cut out di-
rectly from a synthetic quartz ingot (substep a-1).
Next, double-sided lapping was performed on both sur-
faces of this synthetic quartz substrate 10’ with a double-
sided lapping machine, and etching was performed ther-
eon using-hydrofluoric acid (substep a-2). Then, the syn-
thetic quartz substrate was annealed under a non-oxi-
dizing atmosphere at 1100°C for 30 minutes.
The synthetic quartz substrate 10" had only one of the
surfaces polished by using a one surface polisher. Thus,
one main surface (first main surface) 11 had an RMS
surface roughness of 0.2 nm (substep a-3). The other
main surface (second main surface) 12 had an RMS sur-
face roughness of 1.0 nm.
[0062] Next, a single crystal silicon substrate having
been mirror-polished and having a diameter of 150 nun
was prepared as a silicon substrate 20. Then, a silicon
oxide film layer of 100 nm was formed on surfaces of the
silicon substrate by thermal oxidation (substep b-1).
Next, hydrogen ions were implanted into the silicon sub-
strate 20 through the silicon oxide film layer formed ther-
eon to thereby form a micro bubble layer (ion implanted
layer) 21 which was parallel to the surface with respect
to the average travel depth of the ions (substep b-2). As
the ion implantation conditions, the implantation energy
was 35 keV, the implantation dose was 9�1016/cm2, and
the implantation depth was 0.3 Pm.
[0063] Next, the ion-implanted silicon substrate 20 was
placed in a plasma treatment apparatus. After nitrogen
gas was introduced as a plasma gas therein, a high-fre-
quency plasma treatment was performed on the ion-im-
planted surface for 10 seconds by applying a high fre-
quency of 13.56 MHz between parallel plate electrodes
each having a diameter of 300 mm, under a high-fre-
quency power of 50 W and a reduced pressure of 2 Torr
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(270 Pa). In this manner, a surface activation treatment
was performed on the ion-implanted surface 22 of the
silicon substrate 20.
Meanwhile, the synthetic quartz substrate 10 was placed
in a plasma treatment apparatus. After nitrogen gas was
introduced therein as a plasma gas in a narrow space
between electrodes, the synthetic quartz substrate 10
was subjected to a high-frequency plasma treatment for
10 seconds by applying a high frequency between the
electrodes to generate plasma. In this manner, a surface
activation treatment was also performed on the first main
surface 11 of the synthetic quartz substrate 10.
[0064] The silicon substrate 20 and the synthetic
quartz substrate 10 subjected to the surface activation
treatments as described above were bonded together at
room temperature, using the activated surfaces as the
bonding surfaces. Then, the back surfaces of the respec-
tive substrates were strongly pressed against each other
in a thickness direction (step b-3).
Next, in order to increase the bonding strength, sub-
strates obtained by bonding the silicon substrate 20 and
the synthetic quartz substrate 10 were subjected to a
heat treatment at 300°C for 30 minutes.
[0065] Next, an external impact was applied to the ion
implanted layer 21 of the silicon substrate 20. The silicon
substrate was gradually separated along the ion implant-
ed layer 21, and thereby a silicon film 31 was left behind
(substep b-4).
[0066] A transparent SOI substrate 30 comprising the
synthetic quartz substrate 10 and the silicon film 31 ther-
eon was manufactured in this manner. A recognition test
was conducted on manufactured transparent SOI sub-
strates 30 by using a substrate-recognition unit equipped
to a device-fabrication apparatus. As a result, all the sub-
strates were accurately recognized.

(Example 2, Comparative Examples 1 to 3)

[0067] First, eight quartz wafers were sandblasted.
Next, each two of the wafers were treated under each of
the following conditions.
Example 2: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in an alkali solution (NH4)OH:H2O2:H2O2=1:0.2:10 at
weight ratio) for 10 minutes.
Comparative Example 1: no cleaning was performed on
the wafers.
Comparative Example 2: the wafers were immersed in
2% by weight HF solution for 30 minutes.
Comparative Example 3: the wafers were immersed in
an alkali solution (NH4OH:H2O2:H2O=1:0.2:10 at weight
ratio) for 10 minutes.
[0068] Next, four wafers in total were disposed in a
cleaning cassette 43 as shown in Fig. 4. Specifically, the
four wafers include: two quartz wafers 40 treated under
the same conditions as the aforementioned conditions
for the quartz wafers 40; and two test silicon wafers 42
not subjected to the sandblasting. The wafers were dis-

posed in a way that sandblasted surfaces 41 respectively
faced to particle-test surfaces 44 of the test silicon wafers
42. Here, the distance between each pair of the quartz
wafer 40 and the test silicon wafer 42 was set to 5 mm.
In this state, normal RCA cleaning was performed. Then,
the number of particles (0.2 Pm or larger) on the test
surface 44 of the silicon wafer 42 was measured with a
particle counter. Based on the number of particles, the
number of foreign matter adhered to the quartz wafer 40
was estimated. Fig. 5 shows the measurement result.
[0069]  As shown in Fig. 5, an extremely small number
of particles were measured from the wafers of Example
2 where the HF cleaning was performed and followed by
the alkali cleansing, in comparison with those in Com-
parative Examples 1 to 3. Additionally, a larger number
of particles were measured from the wafers of Compar-
ative Example 2 where only the HF cleaning was per-
formed, than that in Comparative Example 1 where no
cleaning was performed. In comparison with those in
Comparative Examples 1 and 2, the number of particles
was relatively small in Comparative Example 3 where
only the alkali cleaning was performed, however, the re-
moval of the particle source was unsuccessful.

(Examples 3 to 7)

[0070] First, six quartz wafers were sandblasted.
Next, each two of the wafers were treated under each of
the following conditions.
Example 3: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in 3% by volume NH4OH solution for 10 minutes.
Example 4: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in an alkali solution (NH4OH:H2O2:H2O=1:1:10 at weight
ratio) for 10 minutes.
Example 5: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in an alkali solution (NH4OH:H2O2:H2O=1:0.2:10 at
weight ratio) for 10 minutes.
Example 6: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in an alkaline organic solvent (8% TMAH solution) for 10
minutes.
Example 7: the wafers were immersed in 2% by weight
HF solution for 30 minutes, and subsequently immersed
in an alkali solution (10 wt% KOH solution) for 10 minutes.
[0071] Next, four wafers in total were disposed in a
cleaning cassette 43 as shown in Fig. 4. Specifically, the
four wafers include: two quartz wafers 40 treated under
the same conditions as the aforementioned conditions
for the quartz wafers 40; and two test silicon wafers 42
not subjected to the sandblasting. The wafers were dis-
posed in a way that sandblasted surfaces 41 respectively
faced to particle-test surfaces 44 of the test silicon wafers
42. Here, the distance between each pair of the quartz
wafer 40 and the test silicon wafer 42 was set to 5 mm.
In this state, normal RCA cleaning was performed. Then,
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the number of particles (0.2 Pm or larger) on the test
surface 44 of the test silicon wafer 42 was measured with
a particle counter. Based on the number of particles, the
number of foreign matter adhered to the quartz wafer 40
was estimated. Fig. 6 shows the measurement result of
Examples 3 to 7 in addition to the measurement result
of Comparative Example 2 where only the HF cleaning
was performed in the same condition as above.
[0072] As shown in Fig. 6, the number of particles
measured in Examples 3 to 7 where the alkali cleaning
was performed after the HF cleaning was significantly
small, in comparison with the number measured in Com-
parative Example 2 where only the HF cleaning was per-
formed in the same condition as above. Consequently,
the number of particles can be greatly reduced by the
alkali cleaning. Additionally, the number of particles was
the smallest by the alkali cleaning in Example 5. This is
attributable to a synergy effect of the oxidizing power of
H2O2 with NH4OH in the alkali solution of Example 5.
Since the alkali solution of Example 5 has the concen-
tration of H2O2 lower than that in the alkali solution of
Example 4, the etching effect of the alkali is not deterio-
rated. Consequently, particles are efficiently removed.
[0073] As described above, a cleaning method in
which alkali cleaning is performed after HF cleaning has
the following effects. Specifically, unevenness, which
can be a particle source characteristic of sandblasted
surfaces of a glass is etched by the HF cleaning. Fur-
thermore, foreign matter released and adhered during
the HF cleaning can be removed by the alkali cleaning
while being prevented from re-adhering. Thus, the
number of particles can be efficiently reduced.
[0074] It should be noted that the present invention is
not limited to the above-described embodiments. The
embodiments are exemplary, and embodiments having
substantially the same configuration as and exhibiting
similar function and effects to those of a technological
idea described in scope of claims of the present applica-
tion are contained by the technological scope of the
present invention.

Claims

1. A method for manufacturing an SOI substrate, the
substrate comprising at least a transparent insulat-
ing substrate and a silicon film formed on a first main
surface of the transparent insulating substrate, while
a second main surface of the transparent insulating
substrate, opposite to the first main surface, being
roughened,
the method comprising at least the steps of:

roughening the first main surface with an RMS
surface roughness lower than 0.7 nm and the
second main surface with an RMS surface
roughness higher than the surface roughness
of the first main surface to prepare the transpar-

ent insulating substrate; and
forming the silicon film on the first main surface
of the transparent insulating substrate.

2. The method for manufacturing an SOI substrate ac-
cording to claim 1, wherein the step of roughening
comprises at least:

performing double-sided lapping and etching on
the first main surface and the second main sur-
face; and then
performing single-sided polishing on only the
first main surface.

3. The method for manufacturing an SOI substrate ac-
cording to claim 2, comprising annealing the trans-
parent insulating substrate after performing the dou-
ble-sided lapping and the etching but before perform-
ing the single-sided polishing.

4. The method for manufacturing an SOI substrate ac-
cording to any one of claims 1 to 3, wherein the step
of forming the silicon film on the first main surface of
the substrate comprises at least:

implanting hydrogen ions and/or rare gas ions
from a surface of a silicon substrate or a silicon
substrate having an oxide film formed thereon
to form an ion implanted layer;
bonding the ion-implanted surface of the silicon
substrate or the silicon substrate having the ox-
ide film formed thereon onto the first main sur-
face of the transparent insulating substrate; and
peeling the bonded silicon substrate or the bond-
ed silicon substrate having the oxide film formed
thereon along the ion implanted layer as a
boundary to form the silicon film on the first main
surface of the transparent insulating substrate.

5. The method for manufacturing an SOI substrate ac-
cording to any one of claims 1 to 4, wherein the trans-
parent insulating substrate is a quartz substrate, a
glass substrate, or a sapphire substrate.

6. The method for manufacturing an SOI substrate ac-
cording to claim 1,
wherein the transparent insulating substrate is a
glass substrate,
the step of roughening comprises at least sandblast-
ing the first and the second main surfaces of the glass
substrate, and cleaning the sandblasted surfaces of
the glass substrate, and the cleaning comprises al-
kali cleaning after HF cleaning on the sandblasted
surfaces.

7. The method for manufacturing an SOI substrate ac-
cording to claim 6, wherein the glass substrate is a
quartz glass substrate.
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8. The method for manufacturing an SOI substrate ac-
cording to any one of claims 6 and 7, wherein an
alkali solution used in the alkali cleaning is any one
of NH4OH, NaOH, KOH and CsOH, or any one of
these with H2O2 added.

9. The method for manufacturing an SOT substrate ac-
cording to any one of claims 6 and 7, wherein an
alkali solution used in the alkali cleaning is an SC1
solution which contains at least, in a volume compo-
sition ratio, 0.5 to 2 of a 29 % by weight aqueous
NH4OH solution, 0.01 to 0.5 of a 30 % by weight
aqueous H2O2 solution, and 10 of H2O.

10. The method for manufacturing an SOI substrate ac-
cording to any one of claims 6 and 7, wherein an
alkali solution used in the alkali cleaning is an alkaline
organic solvent.

11. The method for manufacturing an SOI substrate ac-
cording to any one of claims 6 to 10, wherein the HF
cleaning comprises etching the sandblasted surfac-
es of the glass substrate by 20 nm or more.
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